Abstract
Introduction

21
The concerns about dust emissions from agriculture fields can be grouped into two 22 classes: "near field" exposure of agriculture workers and adjacent land activities and "far 23 field" additions of dust aerosols to the general regional air pollution load. Near field 24 exposures tend to deliver high intensity, short event doses and far field exposures are mostoften low intensity, chronic doses. The term "near-field" here denotes distances from the 26 source generally smaller than several hundred meters where an individual plume can still be 27
distinguished. 28
There is a growing literature on the health effects from epidemiology studies of respirable 29 dust aerosols from agriculture. In a recent review, Schenker (2000) noted that exposures to 30 inorganic dust among farmers and farm workers in dry climates involved in activities that 31 perturb the soil commonly results in exposures of 1 to 5 mg/m 3 of respirable dust and greater 32 than 20 mg/m 3 of total dust. Most research has investigated the time integrated exposures of 33 tractor drivers and some has demonstrated that cab technology and management practices can 34 reduce exposure on the tractor significantly (Nieuwenhuijsen and coworkers 1998a, b) . Still, 35 little is known about the frequency and intensities of doses received elsewhere in and near 36 the fields due to the transient nature of local dust plumes and the difficulties of making 37 accurate concentration measurements in dynamic plumes (Holmén et al., 2006) . Thus, 38 specific field, crop and weather related best management practices (BMPs) have not been 39
defined. 40
This work is part of a larger study designed to combine remote lidar measurements of the 41 dust cloud generated by working the field with in-field particulate measurements to 42 determine best management practices for the reduction of emissions. 
Methods
52
Measurements 53
The instruments used for the work presented here were the University of Connecticut 54 elastic backscatter lidar and optical real-time particulate samplers (Model: GT-640A, Met 55
One Instruments, Inc., Grants Pass, OR) for total suspended particulates (TSP) and PM 10 . In 56 addition, micrometeorological parameters (3-D wind components and temperature) were 57 measured at a rate of 20 Hz with a 3 dimensional sonic anemometer (Model: CSAT3,  58 Campbell Scientific, Logan, UT). The sonic anemometer measurements were used to 59 calculate the stability parameter (z/L), where z in this case is 1.5 m and L is the Obukov 60
, where ρ is the air density, c p is the specific heat of air, T is 61 the air temperature, u * is the friction velocity, k is the von Karman constant (0.4), g is the 62 acceleration due to gravity, and H is the sensible heat flux (Stull, 1988) . 63
Each pass of the tractor consisted of a single swath of the field. In-field measurements 64 with the particulate samplers were made continuously through the pass and remote horizontal 65 lidar scans above the field were made at increasing heights, resulting in 5-9 full three-66 dimensional plume pictures for each pass. Further details of these instruments and the 67 measurement procedures can be found in the companion paper (Holmén et al. 2006) . This 68 paper focuses on the plume dispersion and concentration as measured from the lidar scans for 69 two different operations: spring disking and fall harvesting. 70
Dispersion 71
The most usable way of quantifying plume dispersion is by the Gaussian plume 72 dispersion parameters: σ y (cross wind) and σ z (vertical), where σ is the standard deviation of 73 the plume concentration in the cross wind or vertical directions (Turner, 1994) . Plumes are 74 assumed to have a Gaussian distribution (Gifford, 1959) The maximum per pass of both quantities is used, resulting in one point per pass. There are 99 two assumptions used to make this comparison. First, that the plume generated from the 100 tractor at any given position along its path can be treated as a point source. Second, all the 101 material generated reaches a height of approximately three meters above the ground (the 102 lowest scan of the lidar) and it is detected in the lidar scan. We are confident of both of these 103 assumptions based on the three dimensional rendering of the plumes as shown in Figure 2 . Horizontal dispersion parameters along the plume axis for disking and harvesting days 126 are presented in Table 1 . The results presented are an average for the whole day, and are for 127 the lowest lidar slices, or approximately three meters above the ground. This location is 128 taken to represent that of potential exposure by humans. For disking, the horizontal 129 dispersion increased linearly with downwind distance, although the rate of increase was less 130 than would be predicted by standard plume models for these conditions. The simplified 131 version of Taylor's statistical theory for dispersion (Stull, 2000) predicts a linear growth of 132 0.337 meters per meter of downwind distance. The measurements here show a linear growth 133 of 0.0438 meters per meter of downwind distance. The lidar measurements also show a 134 larger initial spread (7.6 meters) as opposed to the zero spread in the point source theory. 135 This is due to the nature of these operations. The tractor is a moving source, and the disk 136 path is 3m wide, so the larger area source resulted in a wider initial spread. 137
{insert Table 1 about here}  138 The results for the harvesting day do not show the expected linear trend in horizontal 139 spread. Dispersion starts off large, decreases slightly until about 80 meters downwind and 140 then increases again. This trend can be seen in Figure 5 which shows a single lidar slice 141 during the harvest, with two separate plume cells easily identifiable. It should be noted thatonly four passes were used to obtain the statistics on the harvesting day due to dust 143 interference from a neighboring operation which resulted in uncertainty in many of the 144 measurements. 145
{insert Figure 5 about here}  146 
Plume Concentrations 147
Plume concentrations with height are shown in Figure 6 for the unstable disking passes. 148
Concentrations decrease with height as expected. As the plume rose, some material fell out 149 and the remaining aerosols continued to disperse, as shown by the increasing dispersion 150 parameters. 151
{insert Figure 6 about here} 152
The calibrated lidar measurements were also used to measure the in-plume concentrations 153 near the ground at various distances downwind. Table 2 shows the peak concentrations 10 154 and 100 meters downwind for the 10 different disking passes, along with the average wind 155 speed for each pass. The concentrations shown are the approximate concentrations of total 156 suspended particulates that an individual 10 or 100 meters from the tractor would be exposed 157 to. 158 {insert 
Discussion
160
Overall plume movement is dominated by the average wind direction. Small variations 161 in wind speed and direction, however, can result in large departures from the dominant 162 direction. This is seen in Figure 1 where the portion of the plume farthest from the source is 163 over 100 meters away from the average wind predicted axis. Between the two operations 164 investigated here, plume dynamics varied greatly. Because the measured particle size 165 distributions on both the disking and the harvesting day were similar (Holmén et al., 2006) ,the differences between the operations were due to varying meteorological conditions rather 167 than a difference in material. During the disking operation, much higher wind speeds were 168 observed throughout the day; an average of 5.4 m/s compared to 1.6 m/s on the day of 169 harvest. Both days were unstable with the average z/L = -1.2 for the disking day and -2.49 170 for the harvesting day. But the very low wind speeds on the harvesting day made it 171 extremely unstable, frequently approaching free convection. Wilczak and Tillman (1980) 172 and others have shown that under unstable conditions sensible heat is convected away from 173 the ground surface in convective cells with typical length and width dimensions less than a 174 few hundreds and greater than about ten meters, depending on the height above the ground. 175
In this field study, the dust is apparently entrained in these surface layer convective cells near 176 Thus the intensity of exposure farther downwind is less, but the total dose is about the same. 209
For the 20 passes per day conducted across a field in this experiment, this exposure level 210 would be experienced for 11 minutes, 28 seconds at 10 meters downwind and 16 minutes, 42 211 seconds at 100 meters downwind, for an entire day of operations. The NIOSH REL 212 (National Institute of Occupational Safety and Health Relative Exposure Limit) for silica is 213 0.05 mg/m 3 for a 10 hour time weighted average. At the source measurements of TSP 214 concentrations exceed the REL. But the short times of exposure downwind make the total 215 dose orders of magnitude smaller than the NIOSH REL. It should also be noted that these 216 measurements were performed on a 2.8 ha research farm field, so the duration and number of 217 passes on a larger scale commercial operation would be longer and greater. In addition, 218 interference from offsite plumes during the harvesting operation did saturate the lidar 219 measurements at times indicating that in dense agricultural areas, such as the Mesilla Valley 220 of New Mexico, the combinations of plumes from multiple sources could pose a greater 221 health risk to agricultural workers. 222
Conclusion
223
Presented here are measurements of downwind plume dispersion and concentrations from 224 agricultural generated dust. Clouds of dust generated from field disking were detectable at 225 levels up to 0.3 μg/m 3 at distances greater than 100 meters from the source. Individual 226 plumes were seen to have dispersion parameters of greater than 40 meters (disking) and 227 greater than 60 meters (harvesting) at a downwind distance of 160 meters. Wind and 228 stability are the major factors controlling the movement of field generated material. 229
The potential intensity of total dust exposure decreases with distance away from the Tables   306  Table 1 
